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ABSTRACT 
 The Smackover Formation is a highly productive producer of hydrocarbons throughout 
the United States Gulf Coast region.  More than four million barrels of oil and five billion cubic 
feet of gas have been produced from the Smackover Formation in the Barnett Field in southwest 
Alabama.  Paleohighs formed during the Paleozoic and salt tectonic relief features control 
sediment distribution of the Smackover Formation in southwest Alabama.  The Smackover in 
Barnett Field is entirely dolomitized, but the carbonate texture at the time of deposition is still 
visible in thin section.  The Smackover carbonates in Barnett Field were deposited in the near-
shore area of a carbonate ramp environment.  The Smackover may be divided into three 
lithologic facies in this area; an ooid grainstone, oncolite packstone, and algal mudstone.   
 Smackover deposition is interpreted to represent a period of eustatic sea level rise.  
Modern interpretations suggest the Smackover may have been deposited in three sequences.  The 
Smackover in Barnett Field appears to represent a single stratigraphic sequence.  The distribution 
of the three Smackover facies in Barnett Field suggests the formation was deposited during a sea 
level highstand following a rapid sea level rise.  Accommodation of Smackover sediment led to a 
relative shallowing of the near-shore environment.  The shallowing caused a prograding infilling 
pattern into the basin.  The Smackover facies correlate to characteristic porosity and permeability 
values making the ability to predict the occurrence of a single facies vital to petroleum 
exploration.  
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CHAPTER 1 - INTRODUCTION 
 The North Central Gulf of Mexico Basin is a prolific oil and gas producing region, and 
the Upper Jurassic Smackover Formation is a major contributor to hydrocarbon generation and 
production in the basin.  More than four million barrels of oil and five billion cubic feet of gas 
have been produced from Barnett Field in southwest Alabama; all of which has come from the 
Smackover Formation (Alabama Oil and Gas Board, 2012).  The Smackover has been actively 
explored for over fifty years, but the depositional environment and sequence stratigraphy of the 
formation is still a topic of debate.  One interpretation for Smackover deposition suggests the 
dominantly carbonate formation is the result of a continuous marine transgression caused by a 
eustatic rise in sea level (Benson, 1988).  However, advancements in the field of sequence 
stratigraphy and seismic technology have led to alternative, more complex explanations of 
Smackover deposition.  These more recent theories interpret the Smackover to have been 
deposited in three sequences (Heydari and Baria, 2005, 2006); which are described in more detail 
in section 3.3.  The purpose of this thesis is to interpret the near-shore depositional setting for the 
Smackover Formation in Barnett Field and apply previous work on Smackover stratigraphy to 
the area in order to better predict conditions favorable for hydrocarbon production.    
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CHAPTER 2 – GULF OF MEXICO BASIN 
 The Gulf of Mexico Basin is one of the most thoroughly studied geologic basins in the 
world, in large part because of hydrocarbon production within the basin as well as its 
complexity.  A good understanding of basin-wide factors that control sedimentation is important 
in order to understand localized changes in depositional environment.  The distribution and 
lithology of the Smackover Formation is affected by tectonic events that occurred prior to 
Smackover deposition.   
2.1 – Structure 
Structural features in the Gulf of Mexico Basin are the result of tectonic events dating 
back to the Paleozoic.  The area that is now the Gulf of Mexico Basin formed as a series of 
extensional tectonics during the Triassic breakup of the supercontinent Pangea (Salvador, 1987; 
1991).  Prior to formation of the basin, Paleozoic tectonic events formed the Appalachian 
Mountains along the eastern coast of North America (Salvador, 1987, 1991). The tectonic events 
that formed the Appalachian Mountains and created the Gulf of Mexico Basin ended before 
Mesozoic sediment deposition, but the paleo-highs formed as a result affected sediment 
distribution through the late Jurassic.  The extensional forces that formed the Gulf of Mexico 
Basin resulted in a series of low-lying grabens and developed varying accommodation space 
across the basin (Salvador, 1987).  This accounts for the variation in thickness of the earliest salt 
deposits.  The same thickness variation is present in the Norphlet Formation, suggesting rifting 
and subsidence continued into the early to middle Jurassic (Salvador, 1987).  The salt deposits 
that filled the grabens also shaped the structure of Gulf of Mexico Basin.  The early salt deposits 
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of the Gulf of Mexico are a very weak and ductile layer (Salvador, 1987).  Salt movement caused 
by overburden pressure led to a complex distribution of structural features in the basin.  Salt 
domes and faults caused by withdrawn salt affect the distribution of sediment in the area 
(Prather, 1992).  The low-lying grabens, the southern extent of the Appalachian Mountains, and 
salt evacuation features controlled sediment distribution as marine water invaded the basin 
during the Jurassic (Figure 1). 
 
 
Figure 1 - Main structural features of the Gulf of Mexico Basin (Salvador, 1991)  
GSA© [1991] reprinted by permission of the GSA whose permission is required for further 
use.) 
 
  
   4 
2.2 – Stratigraphy 
The earliest Mesozoic sediments deposited in the basin were the late Triassic nonmarine 
red beds of the Eagle Mills Formation (Salvador, 1991).  The Eagle Mills is found in the 
subsurface all along the Gulf of Mexico Basin.  The Eagle Mills Formation unconformably 
overlies Paleozoic age sediments (Figure 2), and is unconformably overlain by sediments of 
varying age from middle Jurassic to Late Cretaceous (Salvador, 1991).    The formation varies 
from 6,000 feet thick to less than 20 feet thick over short distances (Salvador, 1991).  The Eagle 
Mills Formation was followed by a period of non-deposition until the start of the Callovian. 
 
 
Figure 2 - Stratigraphic column, north central Gulf of Mexico Basin 
 
The oldest marine sediments deposited in the Gulf of Mexico Basin are evaporites of 
Callovian age (Figure 2).  The thickness of the salt sequence varies and is estimated to have been 
as thick as 10,000 feet in some locations and absent in others (Salvador, 1987).  The two early 
evaporite formations observed in the Gulf of Mexico Basin are the Werner Anhydrite and the 
Louann Salt.  The Werner Anhydrite underlies the Louann Salt in some locations, but was also 
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deposited simultaneously with the Louann near the edges of salt deposition (Salvador, 1987).  
The Norphlet Formation unconformably overlies the Werner/Louann sequence and older 
basement rock in the north central Gulf Coast.  The Norphlet Formation ranges from 10 to 60 
feet thick in the west-central part of the basin and thickens to more than 1,300 feet in the eastern 
part of the basin (Wade and Moore, 1993).  The Norphlet Formation is overlain by the 
carbonates of the Smackover Formation.  The Smackover directly overlies Paleozoic basement 
rocks along the rim of the basin.    The Smackover is thickest, up to 1,000 feet, in the center of 
the basin and thins along the basin margins and paleo-highs where it averages 50 to 300 feet.  
The Smackover is overlain by the blanket evaporites of the Buckner Formation.  Previous work 
differs in explanation of what is considered the Haynesville Formation and the Buckner 
Formation.  Salvador (1991) considers the Buckner to be the lower member of the Haynesville 
Formation.  Wade and Moore (1993) consider the Buckner to be a separate formation.  The 
Buckner is considered here to be a separate formation underlying the Haynesville Formation.  
The Buckner can be 1,000 feet thick in low-lying areas and thins along the basin margins (Wade 
and Moore, 1993).  The Haynesville Formation is a thick shale unit.  In areas where the Buckner 
Member is not present, the Haynesville Formation directly overlies the Smackover Formation.  
The stacking of dominantly carbonate and siliciclastic formations between impermeable 
evaporites and shales is critical to the hydrocarbon productivity of the basin.    
2.3 – Lithology 
Sediments deposited from the Late Triassic to the Late Jurassic include evaporites, 
siliciclastics, and carbonates.  The underlying Paleozoic sediments are often metamorphosed and 
their original lithology is unidentifiable.  The lithology of the salt deposits varies across the Gulf 
of Mexico Basin.  The Werner Anhydrite is most prevalent in the central and western U.S. Gulf 
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coastal plain and consists predominantly of anhydrite with conglomerate and red siliciclastics at 
the base (Salvador, 1987).  The Louann Salt underlies the southeastern U.S. Gulf coastal plain 
and is composed predominantly of halite with minor amounts of anhydrite (Salvador, 1987).   
The Norphlet Formation is composed of fluvial and aeolian siliciclastic sands and conglomeritic 
siliciclastics (Salvador, 1987).  The lithology of the Smackover Formation varies throughout the 
region, but is commonly subdivided into three informal units.  The lower unit is characterized by 
Norphlet rip up clasts, algal laminite, wackestone, and packstone.   The middle unit is 
characterized by peloidal wackestone and mudstone with skeletal particles.  The upper unit is 
characterized by peloidal, oncoidal, and oolitic packstone and grainstone (Benson, 1988).  The 
Buckner Formation is dominantly anhydrite with minor amounts of red shale and dolomite 
(Wade and Moore 1993).   
2.4 – Depositional History 
The abrupt lateral thickness variation of the Eagle Mills red beds is interpreted to result 
from filling of extensional grabens in the basin (Salvador, 1987).  Relative dating of marine 
sediments across central Mexico suggests the earliest invasion of marine water to the Gulf of 
Mexico Basin came from the Pacific Ocean, extending across what is now Mexico (Salvador, 
1987).  Initial flooding occurred during the Callovian and was likely caused by large storm 
events.  The storm events filled the low lying areas and deposited the Werner and Louann 
evaporites (Salvador, 1987).  The variance in thickness of the Werner/Louann sequence is 
similar to that of the Eagle Mills Formation.  This suggests that subsidence of the basin grabens 
continued into the early Jurassic.     
The Gulf of Mexico Basin was transformed to an unrestricted marine environment of 
normal salinity during the Oxfordian (Salvador, 1987).  Prior to marine invasion during the 
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Oxfordian, the Norphlet Formation was deposited as aeolian and fluvial sands (Heydari and 
Baria, 2008; Salvador, 1987).  Norphlet sediments were originally carried to the basin by fluvial 
transport and then reworked during a period of dry climate (Prather, 1992).  Norphlet deposition 
occurred prior to marine transgression (Prather, 1992; Benson, 1988; Salvador, 1987).  The 
presence of reworked Norphlet clastics in the overlying Smackover Formation marks a 
transgression surface and supports the theory that deposition of the Norphlet Formation preceded 
marine flooding (Mancini, Obid et. al., 2008).   
Deposition of the Smackover Formation during Oxfordian time represents a shift of the 
Gulf of Mexico Basin from a restricted marine environment to an unrestricted marine body of 
normal salinity (Salvador, 1987).  The Smackover is commonly divided into three informal 
members.  Early work suggests the formation as a whole represents a eustatic rise in global sea 
level (Benson, 1988; Salvador, 1987).  Recent interpretations suggest that the Smackover 
Formation was deposited in three distinct stratigraphic sequences.  The Smackover tends to be 
thicker near the basin centers and thinner at the basin margin but is present throughout the Gulf 
of Mexico Basin.  The consistent thickness of the Smackover Formation across the Gulf of 
Mexico Basin suggests subsidence of the basin stopped prior to Smackover deposition.  
However, existing Paleozoic basement highs and fault blocks caused by salt tectonics affected 
the distribution of sediment, particularly in the eastern Gulf of Mexico Plain (Mancini, 2010).  
The overlying evaporitic Buckner Formation is not widespread in the Gulf of Mexico basin and 
is interpreted to be deposited in restricted lagoons caused by a buildup of Smackover shoals 
(Wade and Moore, 1993).   
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CHAPTER 3 – SMACKOVER FORMATION IN SOUTHWEST ALABAMA 
 The Smackover Formation in southwest Alabama is the most prolific oil and gas 
producing formation in the state of Alabama (Alabama Oil and Gas Board, 2012).  The 
Smackover is complex in this region and varies in thickness and lithology over short distances.  
The southern extent of the Appalachian Mountains and salt tectonic structural features affect the 
distribution of the predominantly carbonate formation.  The Smackover Formation in southwest 
Alabama has varying lithology vertically as well as laterally.  Abrupt vertical changes in 
lithology may reflect changes in depositional environment.  Benson (1988) interpreted the 
Smackover in this region to be the result of continuous marine transgression.  Advancements in 
the field of sequence stratigraphy have led to more complex theories.  Wade and Moore (1993), 
Mancini, Obid et. al. (2008), Heydari and Baria (2005, 2006) have proposed more detailed 
interpretations of events that deposited the Smackover Formation in southwest Alabama.   
3.1 – Structure 
The distribution and thickness of the Smackover in southwest Alabama is directly related 
to the paleotopography of the region.  The Conecuh Ridge is the most prominent structural 
feature in southwest Alabama (Figure 3).  The Conecuh Ridge is a northeast-trending salient that 
plunges toward the southwest and marks the westernmost extent of the South Georgia Rift 
system (Benson, 1988).  The ridge divides southwest Alabama into two subbasins and controls 
the updip limit of the Smackover Formation.  The two main subbasins are the Manila 
Embayment to the northwest and the Conecuh Embayment to the southeast.  Smackover 
   9 
deposition is thickest, up to 600 feet, in the centers of the subbasins and thins to 50-100 feet at 
the basin margins.   
 
Figure 3 - Major structural features of southwest Alabama (Prather, 1992)  
AAPG© [1992] Reprinted by permission of the AAPG whose permission is required for 
further use. 
 
Isopach contour lines reflect the shape of the Conecuh Ridge suggesting that the paleohigh 
controlled the updip limit of the Smackover Formation (Figure 4).  The Smackover Formation in 
Alabama has an average dip of about 1 degree to the southwest with a slight increase to about 1.5 
degrees nearer the basin margins (Figure 5).  The tectonic events that formed the Conecuh Ridge 
and the Manila and Conecuh Embayments occurred during the Paleozoic and continued into the 
early Mesozoic (Triassic).  These fault and erosional features were likely stable during the time 
of Smackover deposition (Benson, 1988).   
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Figure 4 - Isopach map of the Smackover Formation in southwest Alabama (Modified from 
Mancini and Benson, 1980) GCAGS© [1980] Reprinted by permission of the GCAGS 
whose permission is required for further use. 
 
The other structural features that affected sediment distribution of the Smackover 
Formation are related to salt tectonics.  The Pollard-Foshee fault system consists of northwest-
southeast striking normal faults that occurred during the Tithonian and are likely the result of 
Louann Salt movement (Benson, 1988).  These normal faults developed large “rollover” 
anticlines on the downthrown, southwestern, side (Benson, 1988).  These features formed during 
upper Smackover deposition and may have either restricted subsequent carbonate deposition or 
caused a build-up of carbonate reef structures. 
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Figure 5 - Structure map of the top of the Smackover Formation (Modified from Mancini 
and Benson, 1980) GCAGS© [1980] Reprinted by permission of the GCAGS whose 
permission is required for further use. 
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3.2 – Lithostratigraphy 
The Smackover Formation in southwest Alabama can have rapidly varying lithology.  
Along the updip limit, the dominantly carbonate formation can change from a laminated lime 
mudstone to a clean dolomitized wackestone to a mix of evaporites and siliciclastics in a vertical 
distance of only fifty feet.  Near the basin centers the unit can be greater than 500 feet thick and 
have a more consistent lithology.  The Smackover Formation is interpreted to consist of three 
main facies; an algal laminite mudstone and peloidal wackestone, a peloidal oncoidal 
wackestone to packstone, and an ooid grainstone (Figure 6).  All three facies are commonly 
dolomitized near the basin margins.   
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Figure 6 - Main facies of the Smackover Formation in southwest Alabama 
 
 The algal mudstone unconformably overlies the Jurassic Norphlet Formation or 
metamorphosed rocks of Paleozoic age in southwest Alabama.  The lower portion of the algal 
mudstone facies is commonly an algal laminite or laminated lime mudstone.  The algal laminite 
portion is often referred to as the “Brown Dense” and, because of relatively high organic content, 
is thought to be the source of hydrocarbon generation for the Smackover (Sassen and Moore, 
1988).  The algal mudstone facies may also include thinly bedded limestone, lime mudstone, or a 
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peloidal-oncoidal wackestone.  The algal mudstone facies tends to coarsen upward in southwest 
Alabama and may be absent in some areas.  The algal mudstone is often thickest at the basin 
margins and thins toward the basin centers.                                                                                                               
Unlike the algal mudstone, the oncoidal packstone thins along the updip limit of the 
formation and thickens at basin centers.  The oncoidal packstone is characterized by an oncoidal 
packstone to grainstone, a peloidal wackestone, and an ooid grainstone.  The oncoidal packstone 
shows some variance near the basin margins but has the most consistent lithology of the three 
main Smackover facies. 
The ooid grainstone facies is thickest along the updip limits of the Smackover Formation 
and thins toward the basin center.  The ooid grainstone is commonly a peloidal, oolitic, and 
oncolite packstone and grainstone with localized algal boundstones around the paleohighs.  Parts 
of the ooid grainstone may contain skeletal particles.  The ooid grainstone commonly coarsens 
upward and is overlain Buckner Anhydrite.   
3.3– Sequence Stratigraphy 
 Heydari and Baria (2005) interpret the Smackover Formation to have been deposited in 
three sequences; termed Smackover “C”, Smackover “B”, and Smackover “A” in ascending 
order.  Each Smackover sequence is characterized by the arrangement of Smackover lithofacies.  
The facies described by Heydari and Baria (2005) for northern Louisiana and central Mississippi 
are similar to those described by Benson (1988) for southwest Alabama.  The laminated lime 
mudstone and thin bedded lime mudstone facies in Louisiana and Mississippi is the equivalent to 
the algal laminated mudstone peloidal wackestone of southwest Alabama.  The burrowed lime 
mud and peloidal mud in Louisiana and Mississippi is the equivalent to the peloidal oncoidal 
facies of Alabama.  The oolitic grainstone facies are described the same in both locations. 
   15 
The Smackover C sequence includes all of the common Smackover facies.  In addition to 
the Smackover facies depicted in Figure 7(A), the Smackover C sequence may also contain a 
localized oncolite facies.  The position of the Smackover lithofacies during the Smackover C 
sequence suggests a carbonate ramp environment.  The Norphlet Formation marks the lower 
boundary of the Smackover C sequence and was deposited during a lowstand systems tract 
(Figure 7(B)).  Norphlet deposition was followed by a rapid flooding period that shifted the 
sequence to a highstand systems tract with no evidence of sediment deposition during a 
transgressive systems tract (Heydari and Baria, 2005).  During the highstand systems tract the 
Smackover algal laminated mudstone and peloidal wackestone facies was deposited in the lower 
ramp basinal environment.  The peloidal and oncoidal packstones were deposited in the mid-to-
outer ramp area.  The oolitic grainstone was deposited in the inner ramp near-beach area.  
Sediment accumulation caused an upward shallowing period during the sea level highstand and 
the Smackover facies progaded basinward.  Late stage filling of the Smackover C sequence 
resulted in the vertical succession of Smackover facies (Figure 7(A) and 7(C)).   
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Figure 7 - (A) Vertical and horizontal distribution of Smackover facies in the Smackover C 
sequence  (B) Smackover C sequence lowstand systems tract  (C) Smackover C sequence 
highstand systems tract  (Modified from Heydari and Baria, 2005) GCAGS© [2005] 
Reprinted by permission of the GCAGS whose permission is required for further use. 
 
 The Smackover B sequence is characterized by a peloid wackestone to packstone, peloid 
grainstone, peloid, oncoid, ooid grainstone, and ooid grainstone (Figure 8(A)).  The arrangement 
of Smackover B lithofacies and the thickness of the formation, up to 600 feet, are interpreted to 
represent a buildup of large ooid shoals (Heydari and Baria, 2005).  A lowstand systems tract 
marks the boundary between the Smackover C and Smackover B sequences.  The lowstand tract 
is characterized by sandstone turbidites at the base of the B sequence.  A second rapid flooding 
event occurred and the ooid shoals were deposited during a highstand systems tract.  The 
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Smackover B sequence was deposited as prograding ooid shoals with a shallowing upward 
pattern.  Unlike the ramp deposits of the Smackover C sequence, the Smackover B sequence was 
likely deposited on a carbonate shelf (Heydari and Baria, 2005).   
 
Figure 8 - (A) Vertical and horizontal distribution of Smackover facies in the Smackover B 
sequence  (B) Smackover B sequence lowstand systems tract  (C) Smackover B sequence 
highstand systems tract  (modified from Heydari and Baria, 2005) GCAGS© [2005] 
Reprinted by permission of the GCAGS whose permission is required for further use. 
 
 The Smackover A sequence is characterized by skeletal packstone, ooid oncoid 
grainstone, and ooid grainstone.  The Smackover A sequence is typically no more than 70 feet 
thick and lithofacies arrangement suggests an upward shallowing pattern.  The Smackover A 
sequence was deposited in a similar environment to the Smackover B sequence, although the 
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sequences differ in their uniformity.  The Smackover A sequence was likely deposited as isolated 
ooid shoals as opposed to the blanket ooid shoals of the Smackover B sequence (Figure 9(A) and 
9(B)).  
 
Figure 9 – (A) Smackover A sequence lowstand system tract (B) Smackover A sequence 
highstand systems tract (modified from Heydari and Baria, 2005) GCAGS© [2005] 
Reprinted by permission of the GCAGS whose permission is required for further use. 
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CHAPTER 4 – METHODOLOGY 
 Cores, core analyses, and well logs from six wells in Conecuh and Escambia counties, 
Alabama comprise the primary data for this project (Figure 10).  The core location (latitude and  
longitude) and interval data were obtained from the Geologic Survey of Alabama State Oil and 
Gas Board’s website (Alabama Oil and Gas Board, 2012).  The wells were selected based on two 
main criteria; the location of the well relative to the Conecuh Ridge and whether the well cored 
the Smackover Formation.  Location was important, because the Paleozoic basement ridge likely 
controlled the depositonal limit of the Smackover Formation, and the focus of this project is the 
near shore Smackover depositional environment.  The six wells selected (Figure 11 and Table 1) 
were expected to penetrate the entire Smackover interval near the Conecuh Ridge.     
 
Figure 10 - Work flow diagram 
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Figure 11 - Study area showing the location of wells used in this study labeled by permit 
number 
 
 
Table 1- List of cores used in this study by permit number 
  
Permit # API # County Operator Well Name Core #
Core 
Top 
MD(ft)
Core 
Bottom
MD(ft)
Formation
8133 1035200360000 Conecuh
Amerada 
Hess
Scott Paper Co. 35-8 
No. 1 X1507 13335 13381 Smackover
9771 1053204310100 Escambia
Amerada 
Hess Scott Paper 3-2 No. 1 X1560 13675 13735 Smackover
9770 1035200400000 Conecuh
Coastal Oil 
and Gas
Escambia River 26-7 No. 
1 X1799 13427 13492 Smackover
1827 1035200100000 Conecuh
Tenneco Oil 
Co. Alger-Sullivan "C" No. 1 X565 13404 13508
Buckner / 
Smackover
6303 1035200290000 Conecuh
Amerada 
Hess Scott Paper Co. 25-14 X1460 13430 13510 Smackover
5568 1035200270000 Conecuh
Coastal Oil 
and Gas Grissett 36-16 No. 1 X1420 13580 13701 Smackover
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4.1 – Conventional Cores 
The conventional cores are stored on the University of Alabama campus in Tuscaloosa, 
Alabama and are the property of the Geologic Survey of Alabama State Oil and Gas Board.  All 
cores except for Permit #1827 (Alger-Sullivan “C” No. 1) were slabbed prior to this experiment.  
Permit #1827 had been cut into a one inch square piece.  The initial step of this study was to 
describe and sample the cores. The cores were examined dry and wet.  Wetting the core with tap 
water aided examination of sedimentary features.  Each core was photographed in its entirety at 
six foot intervals using a high-resolution digital camera.  Core descriptions were logged on a 
scale of one inch equal to five feet.  The cores were arranged in measured depth with the well 
kelly bushing (KB) used as the datum.  Each core was described from the bottom of the section 
to the top using a magnifying hand lens.  The descriptions included apparent sediment type, grain 
size, bedding features, and relative abundance of grains and matrix support.  Core descriptions 
also included drawings of bedding and erosional features.  Notable sections of the core were 
photographed closely with and without a flash.  The representative and notable sections of the 
core were also sampled for thin sections.  Samples were taken using the minimum amount of 
rock necessary for standard-sized thin sections.  Samples taken from the core were marked by 
permit number and measured depth.   
4.2 – Thin Sections 
Rock samples from the core were sent to National Petrographic Service in Houston, 
Texas to be made into thin sections.  The thin sections were made to standard size (1 in. x 17/8 
in.) and impregnated with blue epoxy.  Five thin sections from well Permit # 9771 (Scott Paper 
3-2 No. 1) were made by Larry Baria of Jura Search and loaned for use in this project.  Thin 
sections were examined using a petrographic polarizing microscope using plane-polarized and 
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cross-polarized light at two, four, and ten times magnification.  Identification of carbonate grains 
and textures was standardized with descriptions by Scholle and Ulmer-Scholle (2003).  Each thin 
section was photographed using a photographing petrographic microscope under different 
polarizing and magnification depending on the type of minerals present.  The photographs were 
captured on 35mm film and converted to digital format. 
4.3 – Core Analyses and Well Logs 
Core analyses and well logs were obtained in digital form as .tif images from the 
Geologic Survey of Alabama State Oil and Gas Board.  The core analyses include brief lithologic 
descriptions and porosity, permeability, water saturation, oil saturation, and grain density 
measurements.  The core analyses listed the properties by measured depth at one foot intervals 
along the core.  The porosity and permeability values from the core analyses were used to 
determine average properties for each of the Smackover Formation facies found in Barnett Field.  
Well log data acquired for each well included gamma ray and porosity logs.  These were selected 
for their ability to represent changing lithology and to be more easily correlated with core 
descriptions.  The logs were displayed on a scale of five inches equal to 100 feet.  The gamma 
ray curve was particularly useful for distinguishing Smackover carbonates from other lithologies.  
The section of the gamma ray curve that correlated to the cores was digitized in Adobe Illustrator 
to allow scaling, and was copied and scaled to match the core descriptions. 
4.4 – Figure Creation 
 A core model was created for each well using the written core description, core analyses, 
thin section descriptions, and core photographs.  Examination of the thin sections confirmed that 
all the cores are almost entirely dolomitized.  Careful thin section examination revealed the 
original sedimentary texture of the rock.  The core models were broken into two columns, one to 
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display the lithology of the core, and a second to depict the likely original lithology and 
sedimentary texture.   
Two stratigraphic cross sections were created using the core description models and 
gamma ray curves (Figure 12).  Cross Section A-A’ transverses southwest to northeast and Cross 
Section B-B’ transverses northwest to southeast.  Well # 6303 (Scott Paper Co. 25-14 No. 1) was 
not used in the cross sections, because the well was off structure for A-A’ and did not correlate 
stratigraphically to B-B’.  The core of well # 8133 (Scott Paper Co. 35-8 No. 1) covered only 
part of the Smackover formation, and the upper portion of the Smackover was extrapolated from 
the gamma ray curve and correlation to the surrounding cores.  The cross sections were made 
with a horizontal scale of one inch equal to 1500 feet (1:18,000).  The gamma ray curve was 
used to locate the top of the Smackover Formation, because it showed an abrupt change to low 
values at the top of the Smackover Formation.  The core description models were depth-
correlated to the gamma ray curve using the ooid grainstone at the top of each core.  Both cross 
sections were flattened on the top of the Smackover.   
 
Figure 12 - Map showing Cross Sections A to A' and B to B' 
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CHAPTER 5 – RESULTS 
 Based on core analyses the Smackover carbonates in Barnett field are entirely 
dolomitized.  This made determination of the original depositional setting particularly difficult.  
Original allochems were rarely visible in the conventional core, such that the core descriptions 
relied heavily on the thin section descriptions.  The core analyses descriptions typically listed 
dolomite, anhydrite, granite, and siliciclastics as the range of lithologies and were used only to 
confirm gross lithology.  Thin sections were examined for the size and shape of dolomite crystals 
and the presence of any identifiable “ghost” grains that would indicate initial depositional 
environment.  The conventional cores contained many collapse and desiccation features that 
made the area difficult to interpret.   
5.1 – Thin Sections 
Two of the cores bottomed in igneous and metamorphic rock that is likely part of the 
Paleozoic basement and listed as granite in the core analyses.  The main carbonate facies are an 
algal laminated mudstone, peloidal wackestone to packstone, oncolite/pisolite packstone to 
grainstone, and ooid grainstone (Figures 13 and 14).  The dolomite crystals range from very fine 
anhedral nonplanar to fine or medium fine euhedral planar.  Some larger saddle dolomite 
features are also present.  Dolomite variations can occur within a single section.  Most 
commonly, the grains have been replaced by one type of dolomite crystal and the carbonate 
matrix by another.  The cores also include fine to very fine angular and rounded quartz sand 
grains, anhydrite nodules of varying size and texture, and shale.  Fenestral voids are occasionally 
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found and commonly filled with anhydrite.  Stylolites, pendant cement, and fractures are other 
notable features seen in thin section.   
 
Figure 13 – Thin section photographs of Paleozoic basement (A), algal laminated mudstone 
(B), algal laminated mudstone with peloids (C), and peloidal wackestone to packstone (D) 
   26 
 
Figure 14 – Thin section photographs of ooid grainstone (A and B), oncolite/pisolite 
packstone (C and D), and “chicken wire” anhydrite (E) 
5.2 – Conventional Cores 
 A figure of each core displays the lithology, likely original lithology, and the relative 
abundance of grains versus matrix support (Figures 15-20).  A brief description of the thin 
sections and notable areas of the core are also included.  The core of Wells 8133 and 1827 
penetrated the Paleozoic basement.  Well # 8133 does not cover the entire Smackover interval, 
and the top of the core diagram has been extrapolated in cross section. 
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Figure 15 – Core diagram for Well # 8133 Scott Paper Company 35-8 No. 1 
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Figure 16 - Core diagram for Well # 5568 Grissett 36-16 No. 1 
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Figure 17 – Core diagram for Well # 9770 Escambia River 26-7 No. 1 
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Figure 18 - Core diagram for Well # 9771 Scott Paper Company 3-2 No. 1 
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Figure 19 – Core diagram for Well # 6303 Scott Paper Company 25-14 No. 1 
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Figure 20 – Core diagram for Well # 1827 Alger-Sullivan “C” No. 1 
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5.3 – Transition Tables 
A normalized transition table helped to determine patterns in the changing facies.  The 
tables show transitions from each facies going from the bottom of the section to the top.  The 
table reads from row to column while going up section and from column to row going down 
section.  The tables were created by counting the number of times the core transitioned from a 
specific facies to another specific facies.  All the wells transition from an algal mudstone to 
another facies a total of 18 times (Table 2 in red).  Of the 18 transitions, the algal mudstone 
facies transitioned upward to a peloidal wackestone 11 times.  The normalized transition table 
demonstrates this value as a percentage (Table 3).  The algal mudstone facies transitioned to a 
peloidal wackestone 61% of the time (11/18) when going up section (Table 3).   
  
 
Table 2 - Example of how transition tables were created 
 
 
Table 3 - Normalized facies transition table  
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The metamorphic facies transitioned to the algal laminite 100% of the time and was 
always at the bottom of the section.  The most common transition from one facies to another was 
between the algal laminite mudstone and peloidal packstone/wackestone.  Of all transitions 
between facies, 41% were between the algal mudstone and peloidal wackestone.  The algal 
mudstone and peloidal wackestone are also seen together in thin section (Figure 13C).   For these 
reasons, the algal mudstone and peloidal packstone and wackestone were considered to be 
deposited simultaneously and grouped together in cross section.  The algal peloidal facies 
transitioned to the oncolite pisolite wackestone to grainstone facies the majority of the time.   
The oncolite pisolite facies transitions upward to the ooid grainstone facies 40% of the time.  The 
ooid grainstone always transitioned to anhydrite or was at the top of the core.        
5.4 – Well Logs 
 An abrupt shift to higher values in the gamma ray curve directly correlates to the top of 
the Smackover.  For this reason the gamma ray curve was used to correlate the logs to the core 
figures.  The gamma ray curves were also used to position the core figures relative to each other.  
A characteristic low gamma ray pattern correlated to the ooid grainstone facies.  This marker 
corresponds to the same thickness as the ooid grainstone in the core.  The core for Well # 8133 
(Scott Paper Co. 35-8 No. 1) was placed at the bottom of the section where the Paleozoic 
basement correlated to a strong positive gamma ray shift.  The ooid grainstone facies for Well # 
8133 was easily interpreted by the strong low value gamma ray pattern.  The oncolite pisolite 
facies and a small anhydrite facies were interpreted from the gamma ray curve and the similarity 
of Well # 8133 to Well # 5568 (Grissett 36-16 No. 1).  The porosity curve showed a poor 
   35 
correlation to lithology within the Smackover but was helpful in differentiating the base of the 
Smackover from underlying Norphlet sands.  
5.5 – Core Analysis Properties 
 The core analysis included porosity and permeability measurements on a one foot 
interval.  The values for porosity and permeability correlated to the different Smackover facies 
(Table 4).  The ooid grainstone correlated to higher average porosity values while the oncolite 
packstone and algal mudstone facies showed lower average porosity.  The ooid grainstone also 
correlated to the highest average permeability values.  The oncolite packstone had a higher 
average permeability than the algal mudstone facies.   
 
Table 4 - Average porosity and permeability for the main Smackover facies in Barnett 
Field 
5.6 – Cross Sections 
The gamma ray curve and core description figures were used together to create two 
stratigraphic cross sections (A-A’ and B-B’, Figures 21 and 22 respectively).  The core figures 
and well logs were corrected for subsea depth for the cross sections.  Wells # 8133 and # 1827 
each penetrate Paleozoic basement and are located in areas of relative positive relief during 
deposition.  Each cross section is interpreted as a good representation of near-shore facies 
changes.  The Smackover thins on top of the Conecuh Ridge and thickens toward the basin, and 
the ridge controlled the updip limit of Smackover deposition.  The top of Well # 8133 has been 
extrapolated from the gamma ray curve and adjacent core descriptions.  The ooid grainstone was 
interpreted for Well # 8133 from the abrupt change to low values in the gamma ray curve.  The 
Facies
Average 
Porosity (%) 
Average 
Permeability (md)
Ooid Grainstone 9.3 233.83
Oncolitic Packstone 4.1 23.93
Algal Mudstone 4.3 0.25
   36 
abrupt positive change in gamma ray was interpreted to represent anhydrite at Well # 8133.  The 
rest of the missing section for Well # 8133 was interpreted from the succession of facies in 
nearby Well # 1827 and the likely transition of facies demonstrated by the transition table (Table 
3).  The top of the ooid grainstone facies is the datum for both cross sections.   
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Figure 21 - Stratigraphic Cross Section A-A' 
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Figure 22 - Cross Section B-B'
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CHAPTER 6 – DISCUSSION 
The majority of the Smackover cores examined contain all of the main Smackover facies.  
The cores correlate to each other and the gamma ray curve for each well with the exception of 
well #6303 (Scott Paper Co. 25-14).  Well #6303 is located farther up dip than the other cores 
but is off structure.  Well #6303 includes the oncoidal facies near the bottom of the core and does 
not correlate to the surrounding wells.   Cross Section A- A’ is a dip section and cross section B-
B’ is a strike section.  Each section shows the thickness variation of the Smackover Formation as 
it approaches the Conecuh Ridge, a Paleozoic positive relief feature.  The cross sections illustrate 
a carbonate ramp environment surrounding a paleo-high.  The thickening of the ooid grainstone 
facies basinward suggests a prograding off-lapping patter (Figure 23). The ooid grainstone facies 
was deposited nearest to shore in the supratidal to intertidal upper ramp zone.  The oncolite 
pisolite facies was deposited in the intertidal to shallow subtidal middle ramp.  The algal 
mudstone and peloidal wackestone to packstone facies was deposited in the subtidal outer ramp 
zone.   
The algal mudstone and peloidal wackestone to packstone are interpreted to represent 
deposition during and shortly following a rapid initial sea level rise (Figure 24 red box).  The 
algal mudstone facies is the thickest in each core examined.  The oncolite pisolite packstone to 
grainstone facies and the ooid grainstone facies represent progradational infilling and relative 
shallowing during a highstand systems tract (Figure 24 yellow and blue box).  The evaporitic 
layer shown in cross section was likely deposited in restricted lagoon environment and only near 
the basement high.  The temporary restriction may have been caused by a minor structural uplift 
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or rebounding of the Paleozoic basement ridge.  Salt tectonics to the south of the study area may 
have also created areas of relief that temporarily restricted carbonate deposition. 
 
 
 
Figure 23 ‐ Clinoforms representing distribution of Smackover facies in Barnett Field 
 
 
Figure 24 - Relationship of sea level to sediment surface in Barnett Field during Smackover 
deposition   
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CHAPTER 7 – CONCLUSIONS 
 The facies distribution of the Smackover in Barnett Field indicates a single 
stratigraphic sequence and resembles the Smackover C sequence described by Heydari and Baria 
(2005).  The algal laminite mudstone and peloidal packstone were deposited immediately 
following a rapid sea level rise.  The Norphlet and basement rip up clasts found at the base of 
some wells within the algal mudstone may represent a transgressive surface.  The oncoidal 
packstone grainstone and the oolitic grainstone represent a highstand systems tract.  Sediment 
accumulation resulted in a relative shallowing during sea level high-stand and caused the shore 
to prograded basinward.  Smackover deposition nearest the paleohighs was subject to periods of 
temporary restriction causing deposition of isolated evaporites.  The complexity and subtle 
changes of the Smackover Formation in a near-shore environment are caused in large part by the 
complex paleotopography.   
Predicting the location of facies in the subsurface is particularly important in petroleum 
exploration.  Porosity and permeability are two properties that effect the production of an 
exploration well.  The ooid grainstone facies of the Smackover Formation in Barnett Field 
averages 9.3% porosity and more than 200 md permeability.  These values would likely make for 
a productive reservoir.  The isolated evaporites found in Barnett Field have negligible 
permeability and average 1.5% porosity.  A well drilled into a thick evaporite layer would be a 
poor producer, but the evaporites may serve as an excellent top seal.  These are some of many 
factors the make the ability to predict the thickness and location of a particular facies vital to 
hydrocarbon exploration.  Transition tables created from the core descriptions illustrate a pattern 
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in the vertical succession of facies and may be used to predict the next facies encountered while 
drilling.   
Barnett Field in southwest Alabama has been producing oil and gas for more than 50 
years but remains an actively drilled and produced area today.    Many Smackover plays have 
only recently realized their potential with the advancement of exploration technologies.  A 
current trend in the petroleum industry is to find new ways to develop existing reservoirs into 
better producers utilizing the advancement of exploration and exploitation technologies.  It is 
important to continually better our understanding of the depositional processes that developed 
petroleum reservoirs.  The dolomitized carbonates of Barnett Field are no exception.  The ability 
to predict locations where the ooid grainstone facies is the thickest would increase the probability 
of a productive well.  Expanding the sample size of the data in this project and including other 
data sources such as seismic would make facies prediction more accurate.   
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Permit 
# 
Depth Description 
5568 13,699 Euhedral to subhedral dolomite replacement of a microbialite that contains 
peloids 
5568 13,696 Fine subhedral dolomite replacement of a peloidal microbialite 
5568 13,689 Very fine anhedral dolomite replacement of a burrowed peloidal packstone to 
wackestone 
5568 13,617 Very fine to fine subhedral dolomite replacement of a oncolite/pisolite 
packstone with some peloids 
5568 13,606 Dolomite replacement of an oncolite/pisolite packstone;  pendant cement 
visible suggesting exposure to vadose zone 
5568 13,587 Dolomitized ooid grainstone with large saddle dolomite that has filled void 
space;  saddle dolomite suggests late stage dolomite replacement 
      
1827 13,480 Dominantly anhydrite nodules with very fine dolomite surrounding; likely 
replacement of gypsum in carbonate mud 
      
8133 13,376 Metamorphic and igneous lithic fragments trapped in a dolomitized algal 
laminated mudstone  
8133 13,361 Fine grained anhedral non-planar dolomite likely replacement of a lime 
mudstone no ghost allochems visible 
8133 13,347 Anhedral non-planar dolomite that has replace a microbial binded peloidal 
limestone;  Good intercrystalline porosity 
   
6303 13,499 Dolomitized oncolite grainstone with clotted texture suggesting it formed as a 
microbialite 
6303 13,492 Dolomite replacement of a stromatolitic laminated mudstone with pisoidal 
limestone trapped between layers and fenestral voids  
6303 13,487 Very fine anhedral dolomite replacement of an algal laminated mudstone that 
contains some very fine angular quartz sand grains that were likely 
windblown 
6303 13,485 Chicken wire anhydrite with very fine anhedral dolomite surrounding 
anhydrite nodules;  Desiccation fractures filled with bladed anhydrite 
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6303 13,479 Very fine anhedral dolomite surrounding anhydrite;  Anhydrite appears to 
have filled voids early in deposition 
6303 13,439 Very fine anhedral to subhedral dolomite that has replaced and ooid 
grainstone 
      
9770 13,482 Anhedral dolomite replacement of a peloidal/peletal packstone; Faverina 
pellets visible 
9770 13,438 Euhedral planar dolomite replacement of an oolitic/oncolitic grainstone;  
cluster oncolites or grapestones visible 
      
9771 13,735 Very fine quartz sand likely fluvial; Calm water deposits 
9771 13,733 Algal laminated medium fine quartz grains and very fine dolimitized mud;  
replacement of an algal mudstone that trapped quartz sand 
9771 13,724 Algal laminated medium fine quartz grains and very fine dolimitized mud;  
micro-laminated with more dense lamination than 13,733 
9771 13,717 Anhydrite nodules that contain quartz grains and dolomite and are surrounded 
by a quartz dolomite mixture; supratidal diagenisis 
9771 13,713 Anhydrite nodules in an algal laminated quartz sandstone; Very little 
dolomite 
9771 13,712 Fine subhedral to euhedral dolomite with larger euhedral dolomite and some 
anhydrite nodules and peloids;  Dolomite replacement of a peloidal 
wackestone/Packstone 
9771 13,703 Fine anhedral dolomite replacement of a burrowed pellet packstone 
9771 13,693 Fine anhedral dolomite replacement of a burrowed pellet grainstone 
 
Table B-1 - Thin section descriptions 
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Appendix B 
Porosity and Permeability for  
Lithologies Confirmed by  
Thin Section 
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Table B-2 – Core analyses porosity and permeability of thin section confirmed lithologies and 
averages 
 
   
Well # Depth Facies Porosity (%) Permeability (md)
5568 13,699 Algal/Peloidal 9.2 0.98
5568 13,696 Algal/Peloidal 7.5 1.47
5568 13,689 Algal/Peloidal 2.5 0.08
8133 13,361 Algal/Peloidal 2.4 0.02
8133 13,347 Algal/Peloidal 6.5 0.41
6303 13,492 Algal/Peloidal 4.5 0.01
6303 13,487 Algal/Peloidal 4.3 0.00
9771 13,733 Algal/Peloidal 2.9 0.00
9771 13,724 Algal/Peloidal 4.7 0.00
9771 13,712 Algal/Peloidal 3.8 0.00
9771 13,703 Algal/Peloidal 1.4 0.00
9771 13,693 Algal/Peloidal 1.9 0.00
Average 4.3 0.25
1827 13,480 Anhydrite 0.6 0.00
6303 13,485 Anhydrite 2.4 0.00
6303 13,479 Anhydrite 2.3 0.00
9771 13,717 Anhydrite 0.9 0.00
9771 13,713 Anhydrite 1.1 0.00
Average 1.5 0.00
5568 13,617 Oncolite 3.9 0.03
5568 13,606 Oncolite 4.7 0.95
6303 13,499 Oncolite 3.0 0.00
9770 13,482 Oncolite 4.9 94.75
Average 4.1 23.93
5568 13,587 Ooid 17.4 701.00
6303 13,439 Ooid 7.7 0.37
9770 13,438 Ooid/oncoidal 2.9 0.13
Average 9.3 233.83
9771 13,735 Quartz 0.9 0.00
8133 13,376 Basement 0.8 0.00
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